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(54)TiUe: NON-AQUEOUS ELECTROLYTE SECONDARY CELL 



(57) Abstract 

A non-aqueous electrolyte secondary cell comprising a positive plate, a negative plate 
capable of absorbing/releasing lithium ions, and non-aqueous electrolyte containing lithium 
ions, wherein the non-aqueous electrolyte is a solution containing a lithium salt and at least 
one kind of derivatives of phosphazene expressed by the formulae (R , 0) 3 P=N-S0 3 R I (where 
R 1 represents the same or different monovalent organic group) and 
(R 2 0>jP=N-S02-N=P(0R 2 )3 (where R 2 represents the same or an indifferent monovalent 
organic group). The electrolyte of which the base is an organic solvent does not evaporate 
nor decompose in a wide temperature range and has excellent cell performance such as 
excellent high-temperature storage properties and less possibility of fracture and ignition 
even in case of short-circuit 
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so 3 zmmuzwrnrnzm^ttfe wo i - 1 4 8 7 8 n&m) , 

XL i P F 6 % Li BF 4 fre>mitl&&/£ < t t> l 9&fflfc1ktznmL&tt 

(.mmw-o 1-1487 9 nam) , SK2 oxxz*>tfzmn&#s 0 

CF 3 SOs > L i PF 6 . L i As F 6 „ L i C 1 0 4 ZMlZtltz-f < ft < 

mzmmzttwrnLzm^um (#bb¥o i - 1 4 8 8 o^&fg) N 

^SlWt-rS^ife CBilFFO 2 - 1 6 5 5 6 5^fg) . ffi&»J >ixxf^ 

LTjpJffl-rS^i* (#ifl¥0 4 - 1 8 4 8 7 0 

*M*W»RS*fc#W£-fr52F& (#I8¥0 6 - 2 8 3 2 0 5^fg) 

0^<tLT. ^7-0 ei, >«-7xf ;n©^ixxf;n wc, mm 

wtTz>»iffimt&Zo z<D&?t£Rfcfrmzzt. EUG&Mtowm&jgmifi 
mmmm^mtft^r^u wM®j>v-y>x<Dmm£t>tzib-f 0 -e© 

!&mm <tiztwo r&mafih o tz a 

5X 1 , 3 - Vt* 77 >^o^x-f;L'©7j<mm j F©-^P^T;l/+;i/ST- 

«LT. 2-yWh7tKD77X 4-^4/- 1, 3-W77 7 
SffcUT$S<fcr 436Tife (J. L. Goldman, R. M. Mank, J. H. Young and V. R. 
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Koch: J. Electrochem. Soc. 127,1461(1980) K #7kmM&(Zt f/l/7x- 

^7*1/>^©X;U7^ Kft-&«*flS»-r<5^ft (#^¥0 7- 3 2 0 7 7 9^ 

S/Cs »0 6 - 1 3 1 0 8^&fRKli, **S«IS-^®fi©®j!m(^. 
2 5°CJt^±©iteS^3 0 0 c P^T©ta7 7^>i#fti: 'J f -5 AMMt 

tlT^-So ^^T^$nTt^^X7T-ti'>^#i*(i. (NPR 2 )n (5t»K 
R(i-ffi©»S> nl*3~l 5) Til^ftSgift**? r -t? R 3 ( 
P=N) m - PR4 ( sCt; mlil~2 0, RliHffi©WI£g> (X XliC©* 

ittm^mmmo^m^^^. -9--r^^#tt«T-rsts-7«^*>o. * 

/c, W©M©I^bS§t> »£li&61IJ£&#£ft6&©©, *© 
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(R 1 0) 3 P = N-S0 3 R 1 (1) 
CfrK R 1 (il^-Xli^oT, lfiffi©»g£^-f 0 ) Rtf 
Tie-ISst (2) ; 
(R 2 0) 3 P = N-S0 2 -N=P (OR 2 ) 3 (2) 

R 2 (iP-Xlil^-pt, lffi©W«£^-f 0 ) fr<^(£n/c*X7 

^mmommmmmmommmu. mrn-ns^ en sraie-^ (2) 
mxM. mb<te, m**y Tvymmfrtfty'a vym®,®mm 
^i&bjk&^t, luie-^ (i) •ea^n6^x7T-tf>^#i*©^;^ r 

n-^Dtm >T77°nt:;l^ n-7>;l/S. ^77* 
sec-WS, n-^+i/;^ ^7^+^^^ n-^7*f7l/S 
. n-^!7f-^m, -iV*?^)^ n-T^US, ^7t^;USIP#W htl 

frfrzwm-tBcS. (i) •eg^n6*x7 r -tf>^#fto^^(i s 
. Tesccs; (i) Rtf&m^ (2) {icfc^^&^tf^n^o 
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EJ£5t(l) ; 

2PXb +H 2 N- S0 3 H - X 3 P=N- SO2-X 

HW(8) 

(iOK Xli^ayyg^to ) 
( 2 ) ; 

X 3 P=N- S0 2 -X+4R'-OM - (R 1 0) 3 P = N- S0 3 R 1 
-^(3) -lR5t(4) -HS^(l) 

MliTA^'J^li^U XWR 1 (iHuEfcl^bo ) 
ttffr^ ±ERt£^ (l) tcfc^T, (3) T^^n^^oy>fk^ 

^ >i?©^;i/Jt(i. ii^O. 4-1. 0. &£L<ltQ. 5-0. 6. SMS 
li. ii^8 0-1 5 0°C> $?£U<(*9 0-1 1 0°C-C£><X Strati, ii^ 
3-2 4 mm, #£L<te6~l 2We*^>o &l£«tLTli, /M3y>fc 

, ^n^(ilSX(i2S^±^ffi^t>ii:TfflV^C^:^-e§^o ^Dy*>gft 

buesc&s, (2) c&^t. busb— «^ (1) •vmztizKxy r-eymmfc 
it, IHE-^ (3) -e^$n^^ay>fb^x7 T -tr'>^i*tBijE-^ ( 

\t, ii#0. 5-6, #£L<li3. 6-4. 4 T$>Z> 0 StfcSgli, 5 
0-5 0°C. ^l<«-4 0 2 0°C, StEM^ MO. 5-2 4 W 
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*T,. iTsS-$iC (2) tI$tl^t^7 7-t*>iiW 
R 2 £Dlfi5©W«l»tLT(i. fjIB-^ (1) ©R 1 fcH»©t>©J&<¥tf 

€>ti6o bijib-^ (2) vmznz*xyT*>mmjfc<DW&5m*. mtux. 

. (3) XCFSIESC (4) K<*£;ft£a^tf£tt*o 

(3) ; 

2PX 5 +H 2 N-S0 2 -NH 2 -> X 3 P =N-S0 2 -N=PX 3 
&tt5£ ( 4 ) ; 

X 3 P=N-S0 2 -N=PX 3 +6R 2 -0M - (R 2 0) 3 P=N-S0 2 -N=P(0R 2 ) 3 
Hl&£(5) -^(6) -«5t(2) 

(5tpk m sera tef&iairi^u R 2 (iffieR'i:^-e^§o ) 

±^Ht&S; (3) (rfc^T, (5) -c^sn-s^nywfc* 

K©^;l/Jt(i, ilStO. 4-K ff*L<tiO. 4-0. 6. StSffiJgli. fi£ 
8 0-1 2 O'C. ®£L<l*l 0 0-1 2 OTCTNfctK SCfcWli, ii^l-6 

h ;ux x >-tf >^©3?SSteK<bJc*SI. 1 , 1 . 1 - MJ ? a 

ax^>, 1, 1, 2-h'J7DDx3'> > 1, 1, 1, 2-fh7?DDi^ 

>&tfl, 1, 2, 2-7-h7 2uu*?ym(D^vT)l>tiymm i %lft>tl. 

ffliBSi&it (4) k^t. fra-HRst (2) vnztiz*x7 T-eymmft 
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ZkfrTZZo m?&-®& (5) T«*nS^Nay>fk*X7T-tf>SI»fttw«- 
-TZmz-Btf. (6) T'^$n-5T;i/3^-MH0^;UJfc{i % ®3r5~7. ff* 
b<(*5. 6-6. 6"e*-5o SlEfiffiJi, 0-0*0. »*L<l±-4 

o—2o u ®^ 2—24 mm. U£ L < (i 3 - 1 2 wr&s 

^o^?St*/j:ig«T*n«#irR^ii/i:<. #J*.li\ : JJr**ry. 

- h ij ^© i axis 2 sku^w ^tu zoot>, i axtt 2 aRL£ 
are, ^wbizmjtfttti&wttztir^x^ wmm&m.tet>te^m 

M~e&ti\mi>%z.ti<, «itf'J>iixfA, KlxxfJUoWf^ 

tun*. #c«dR$nn£i^ r-^°7n>, 2->wh 

S> K $?if\fc;&-#*-K /f-^T-trf— K 1, 2-? 

n + ^irA fh7bFn77X 7 , oh , l/>*-t^-K x^l/>*- 

lMb + >^>> S-tm- 2 i?J y > ^xf^i- r^k 1 
, 3-^n^>^;i/h>l|©i-^ML^-^xx^;l/fb-&W#Jf«=)n. eft 
£>li 1 HXI* 2 »Rt-Cffl^ bftSo 



7 



WO 00/33410 



PCT/JP99/06554 



o. 1-8 o v/y%<Dmmv$>o, *mwKt$\,^Tz<Dm&m&te, umzm 

iTCffiSd^ff-L^So W*>. iwE-®5$ (1) Rtf (2) Tf$n^ta7 7 

(C(i> ^TKS^^ iiSl~8 0 v/v% N #£L<lil 0-4 0 v/v%© 

nii#{cK^$n^V^ #>Rfi\ L i C 1 Ch . LiCK LiBr. Li I 
. L i B F 4 > LiPFe. LiCF 3 SOj, L i As F 6 . L i Al C 1 * 
. LiB (CsH 6 ) 4 . LiSbFe. L i B.oC 1 !0 , LiSiFe > Li 

n (so 2 CF 3 ) 2 s Lie (SO2 CPs ) 2 . mmmmti^ym^f- 

U>»*lis ±E8ttl kglcStLTO. 1 - 3 $F£ L < (i 0 . 5~2 
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(i. #lcR£ttfc<^0t>©£flH*S::fc#T£, 0>R(i\ V 2 0 5 > V 3 0 
13 > V 6 0,3. Mn0 2 . Mo0 3 igO&I&ft^ L i C0O2 . L iN i 0 
2 „ L iMn 2 0 4 . L iMn0 2 . L i F e 0 2 .> 'Jf^Af:, Co> N K 
Mik Fe. V, Mo. C u£tfZ n^©®&^fr£3tfftrt: 2TO±© U f- 

mztltztb®^ Ti S 2 > MoS 2 , FeS 2 . NbS 2 *°U 

$&mt<D&^ Ag 2 O. Ti 0 2 , Fe 2 O3 . MgO> V 2 0 5 , NiO> 
CuO. ZnO, M02 O3. In 2 0 3 > SnO. Sn0 2 . SnS i 0 3 > 

i n 2 sn 2 07 mom&'&om.iswim. mmmzn&tLtzmwmim 
s 1 ajK±^ti-«w©m^#g^k^). f ^a^ k— • us k-^-ts c 

t#ft*£^t#m#W£ft£o wftt>©4>. ■Jf-^A^K-^-^K-^ 

mmmitmmu m» ? r-r h&^#m<«£ft3o stttfjc:^ 
eats. s&»sl #7xt^^«. w*$iS5#^#*4J&j&ft. ^ 
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zzu\,^m?im&tt®xfrtL\mizm.m£nte\,^\ mtu*. nmm®, ax 

mm. Jj-tfy????. T-truyy'yy?, ^y^^yy^y^. i%m®m 

^m®. &m%mhz>^\zxv y ^-vymmwmomnmtmmi <bti. 
;nt>©i 2m&.±om^mt bxmtz z t&x& wm t lt 

li. m^M^nm^ii\ 0>Rli\ x>7>. jKU t"^;i/T;i/=i-;k 

i/^f-^-tr^n-X, t Fo+^d b?;R?;bo-x, ??£-tr;Ua-x N -7T-tr 

x^i/x <ku 7>wtbfxii7 i >, tf'jx^ux ^•JT'Dh'ux x^u>- 

^ob^^I^ (EPDM) „ XA^WbEPDM, X^ U -7x>=f 
A. *° >J 7** -7x 7. 7 A. sK 'Jxf[/>t+-> Ktt £®£t6ft> H^I® 

. 2 0-5 0 # mfiJt©** 'J 7d h° U >Xti*° 'J xf- b >©$t?L1£7 ^ 

1 0 
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mzn-f, #*y*4L ^-^-^^^ 3^>^-r^ ftwxitx'Uyji 
m&vmMwmmom* ®&m<mf ^n. -n^i*. its?, xmmomto-x 

~8 0v/v%, *?£L<lil 0-4 0 v/v%©®gmi. 

###J 1 (*X7 r-tr >^#ftACDSiS9 

Jf M£f*tt fcEoP 77X3 6 3 9. 5 g ( 3 . 06 > X 
7U7y^>H9 7. lg(l. 5 4*^) &t>*?an<>-t?> 1 L£f±&<^ M 

^#ffl^+-ei 2mm, 1 o o~i o 5Wfcmmttz 0 fsrfcKJ: 

7g (IR$6 8. 8%) £#/c 0 ft^T\ SflM8l*#tt/cEgoP77XnC±E 

h U 9 n o*X7 y '/X4>*^? o K 1 8 5. 3 g ( 0 . 7 4 
) tTHF 7 0 0ml£ttii<?K S^xf l/>jr*3-^; >f *x-f^D7A/ 
37- Ml 0 6 6. 5 g(2. 9 6*4/) mm%m$&T, -2 2 — 

7kffi&. ^antwl'AT'ttmLT^^nfcWM^SfoK. ^LT. ; (CH 3 
0CH 2 CHz0CH 2 CH 2 0)3P=N-S02-0-CH 2 CH20CH2CH 2 0CH3 

-C^^tl6*X7y-tr>^i*:A^3 2 5. 9 g (1R$7 5. 2%) m^ 0 
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#?5t: C 2 oH 4 4NO,4PS (#^*5 8 5. 5 9) 
jiMfttir : fUMt ; H:7. 57%. C:41. N:2. 39%. S:5. 47% 
; H : 8. 46%. C : 40. 45%. N : 2. 47%. S : 5. 63% 
1 H-NMR : 3. 37ppm(s. 12HX 3. 53-3. 55ppm(m, 8H) „ 3. 64—3. 66ppm(m. 8H) 

3. 75— 3. 78ppm(m. 8H) > 4. 22— 4. 29ppm(m, 2H) > 4.36— 4. 41ppra(m. 6H) 
MASS :586(M +1) 

mnm^mftzm^nyy^^mm^ 6g <o. 317) x*7 
r v h i 5 g ( 0 . 1 5 z<±&%; mm^m^x'imm, 1 2 ovv 

X7 7 1 /) x;i/*>5 7g (ir$i 0 0%) zmco fci^T\ mwrn^mnm 

oP7 7Xr3|r±iat:#yib: , X 'J ^00^77'/) X;U*>4 6g (0. 
12 6*;!/) £THF£tfc&^ THFO. 4 LCif U>7;I/3-^;yf 
^ai-x^OT;!/^^- HJ§&8 4 g (0. 8 6 * AS) ^M^tfcTHFM 
M^#ismT-e^Tt, -20—1 SV-C—g&MWTlzfcmZlttZo £ 

(CH30CH 2 CH20)3P-N-S0 2 -N=P(0CH2CH 2 0CH3)3 
T^£n£*X7r-tf>^ftB£4 5 g 0BUp5 9%) #fc Q 
Gt«X7 7 -tr' 7if ^tt B CDI^t^- ^ ) 

CH42N2 O14P2 S (4H^§6 0 4. 5 3) 
5mftft : ; H:7. 00%. C:35. 76%. N:4. 63%. S:5. 30% 

mm ; H : 7. 87%. C : 35. 39%. N : 4. 58%. S : 5. 42% 
1 H-NMR : 3.38ppm(s. 18HX 3. 61-3. 65ppm(m, 12HX 4. 35-4. 41ppm(m. 12H) 
MASS : 605(M +1) 

L i C0O2 &iEm%<®)WtLXm\ L i C0O2 10 0 3ff(::*f LT^SSb 

1 2 
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dec) ; M&ms'on.m) c wm^mmTmmu^xy T-e>mmftAx 

mtftfo Lfco @S£SI£(i#7kSP&4'©*x 7 7 ^ >^#tt©£Siil££^-r 

±K€JE4. 2V. TI&SEE2. 7V, WcWMmo. 2mA. ^mmsfcO. 2 
m A (D&tfrVimm.$:m K> 7 >imk&ft l \ 1 1M ? ;U @ ©Jfc^gS ( 

$$©$€£*) (mAh) W 2 0 if-T ^ WAT©!*^* GnAtO^Tf 6o 

&m&«ti#^a) =201M ?«©&«&» x 100/ (M&mgS) 
(»&&B#©ttll) 

5 ? Ji®jmm.&'m \ 3 . 0 v £ -cass ufcsu jE-kmmz «j - k$t- 
i&$L»®&£-££o c©B#©5^©smt'ov>T. m^m©^ 5£§iig 
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*<D-&mm&. m&mzmmti^mmztkbtz ammi) ©(^tr, 
i~4 s^n#ct^iin«^ 3&j<#&k> E.om«tgfe^ 

«M^t^EgoP77X=J(C£^«6 3 9. 5g (3. 0 6 *Jl) . X 
;l/7 7 ;>i9 7. lg(l. 5 4^;U) &t>'? o n^-try i L£.f±&^ M 
^#fflm*-e4 W> 10 0-10 5°CTRC&^-B:/c 0 £l£&7&, S^Kck*) 
. SHU £SflSl/t\ h^DDt^y'/X^^D^-f K2 6 5. 7 

g (jr$6 8. s%) &mz„ tk^x\ wmk^mfitm^Qyy^izisx 

mch U ?na^777XW-J^D7>f K9 7. 3g (0. 3 9 ^AO t 
THF 7 0 OmL^ttiA^-. xf-i/^jr^a-A^y / f;l.x-fW7;^7 
- h^8 6 7. 2 g ( 1 . 6 2*;t0 ^ M?l#ffl^4»T\ - 4 0— 3 5°C 
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(CHs0CH s CH20),P=N-S0 2 -0CH2CH20CH, 

x-7Fi$tiz*x7T-e>mm#c £i 2 9. 2 g ows 1. 390 #/c 0 

Ci2H 2 iNOioPS (^f*4 0 9. 3 8) 
^t#fff : H-giS ; H : 6. 891 C : 35. 20%, N:3. 42%. S: 7. 83% 
Hffltt ; H : 7. 45%, C : 34. 88%, N : 3. 51%. S : 8. 02% 
1 H-NMR : 3. 20ppm(s. 12HX 3. 43~3. 49ppro(m, 8H) „ 4. 07-4. lOppmCm. 2H) 

„ 4.16~4.22ppm(m.6H) 
MASS : 410CM +1) 
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